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For some supermassive black holes, matter outside the
event horizon is propelled at high speed in a jet that can
be detected across the universe. When the jet is pointed in
the direction of the Earth, it is typically called a blazar.
Penn State researchers have characterized more than a
hundred relatively dim blazars and used them to test a

More than a hundred blazars—distant and active galaxies

with a central supermassive black hole that drives

powerful jets—have been newly characterized by Penn

State researchers from a catalog of previously unclassified

high-energy cosmic emissions. The new blazars, which are

dim relative to more typical blazars, have allowed the

researchers to test a controversial theory of blazar

emissions, informing our understanding of black hole

growth and even theories of general relativity and high-

energy particle physics.

A paper describing the blazars and the theory has been

accepted for publication in the Astrophysical Journal, and

the peer-reviewed accepted version  appears online

on the preprint server arXiv.

Supermassive black holes can be millions or billions of

times the mass of our sun. In some cases, matter outside

of the black hole’s event horizon is propelled in a jet,

accelerating to nearly the speed of light and sending
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contentious theory of blazar emissions. Credit: NASA/JPL-
Caltech/GSFC. 

emissions across the universe. When the jet happens to

be pointed directly at the Earth, the system is typically

called a blazar.

“Because the jet of a blazar is pointed directly at us, we can see them from much farther away than other black hole

systems, similar to how a flashlight appears brightest when you’re looking directly at it,” said Stephen Kerby,

graduate student in astronomy and astrophysics at Penn State and first author of the paper. “Blazars are exciting to

study because their properties allow us to answer questions about supermassive black holes throughout the

universe. In this study, we used relatively new methods to characterize 106 dim blazars and test the predictions of a

contentious theory called the ‘blazar sequence.’”

Blazars emit light across the entire electromagnetic spectrum, from lower-energy wavelengths such as radio,

infrared and visible light, up to higher-energy wavelengths like X-rays and gamma rays. When astronomers study

observations of these emissions, they typically see two broad peaks, one in gamma rays and one at lower-energy

wavelengths. The wavelengths and the intensity of these peaks varies from blazar to blazar and with time. An

overarching theory of blazars defined by the “blazar sequence" predicts that the lower-energy peak for brighter

blazars will, on average, be redder — lower energy — than that of dimmer blazars, while the lower-energy peak for

dim blazars will be bluer — higher energy.

“Some of the most exciting and extreme blazars are discovered by detecting their gamma-ray emission, but we can't

usually classify or understand these objects without further multiwavelength observations,” said Abe Falcone,

research professor of astronomy and astrophysics and the lead of a high energy astrophysics group at Penn State.

“With our currently operating telescopes, it’s actually very difficult to detect and classify the lower-energy peaked —

red — blazars that are also dim, whereas it is much easier to find these blazars when their peaks are at higher

energies or when they are bright. So, with this research, we are minimizing a selection bias and exploring the blazar

sequence by delving deeper into lower luminosities of both the low-energy and high-energy peaked blazars.”

The researchers, alongside Amanpreet Kaur — associate research professor of astronomy and astrophysics at Penn

State at the time of the research — previously identified potential blazars from a catalog of gamma-ray sources

detected by the Fermi Large Area Telescope, many of which had not yet been paired up with lower-energy emissions

that may have come from the same source. For each of the blazars, the researchers then identified these

counterpart emissions in X-ray, UV, and optical — detected by the Neil Gehrels Swift Observatory, whose Mission

Operations Center is located at Penn State — and in infrared and radio emissions from archival data. Cross-

referencing the information ultimately allowed the researchers to characterize the spectra of 106 new, dim blazars.

“The Swift telescope observations allowed us to pinpoint the positions of these blazars with much more precision

than with the Fermi data alone,” said Kerby. “Pulling together all this emission data, combined with two new

technical approaches, helped us identify where in the electromagnetic spectrum the low-energy peak occurs for

each of the blazars, which, for example, can provide information about the strength of the jet’s magnetic field, how

fast the charged particles are moving, and other information.”

To identify where this peak occurred for the dim blazars, the researchers used machine-learning approach and

direct physical fitting approaches, each of which, according to Kerby, has advantages and disadvantages. The

machine-learning approach filters out emissions that might actually be noise, such as from dust in the galaxy or

light from other stars. The direct physical fitting approach does not filter out noise and is considerably more difficult

to use but provides more detailed properties of the blazar jet.

“For both approaches, the emissions of our sample of dim blazars generally peaks in the blue, higher-energy light,

though the fitting approach produced less extreme values,” said Kerby. “This is in agreement with the blazar

sequence and extends what we know about this pattern. However, there are still a thousand Fermi unassociated

sources for which we have found no X-ray counterpart, and it’s a fairly safe assumption that many of those sources

are also blazars that are just too dim in the X-rays for us to detect. We can use the lessons we’ve learned here about

the shape of these blazar’s spectra to make predictions about the blazars that are still too dim for us to detect,

which would further test the blazar sequence.”

The catalog of new blazars is available for other astronomers to study in detail. 

“It’s important to always work to expand our datasets to reach dimmer and dimmer sources, because it makes our

theories more complete and less prone to failures from unexpected biases,” said Kerby. “I’m excited for new

telescopes to probe even dimmer blazars in the future.”

According to the researchers, studying supermassive black holes also provides a unique way to understand the

physical theories in the universe.

“Supermassive black holes, and their surroundings, are cosmic laboratories that are far more energetic than

anything we can produce in particle accelerators on Earth,” said Falcone. “They provide us with opportunities to

study theories of relativity, to better understand how particles behave at high energies, to study potential sources
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of cosmic rays that arrive here on Earth, and to study the evolution and formation of supermassive black holes and

their jets."

The research was supported by NASA.
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